Levels of starch and sugars, and the activities of amyhse and starch phosphorylse were measured in expanding leaves harvested in early morning and early evening during the growth of pepper (Capsicam aanuum L., cv 'Bellboy) plants. The differences between starch levels I hour after dawn and 1 hour after dusk inreased during the period of initial frnit expansion. This diurnal starch difference was stnly correlated with post-dusk amylase activities in leaves at both stages of expansion. There was also a strong correlation between levels of amylase in immature and those in mature leaves throughout the experiment. Phosphorylase activity showed no direct relationship to leaf starch levels, and there was no similarity between activities in immature and mature leaves. A increae in photosynthesis during plant development was obsenred which could account for the inased starch synthesis at initial fruit expansion.
When photosynthesis is limited, starch breakdown in leaves provides a supply of carbohydrate for the continuous demand of plant metabolism. Starch is synthesized from glucose-l-P and ATP by ADP glucose pyrophosphorylase and starch synthase. Control of starch synthesis is exerted via levels of Pi and 3-Pglycerate (13) . This links starch synthesis both to the production of carbon compounds by photosynthesis and their consumption by metabolic sinks (1) .
The mechanism ofstarch breakdown is less well characterized. Four enzymes have been implicated; amylase, starch phosphorylase, glucosyl transferase (D-enzyme), and debranching enzyme (R-enzyme). The extent to which amylase and phosphorylase participate and interact has been the subject of several studies (7, 8, 10, 15, (20) (21) (22) . From this work, it seems that either phosphorolysis or a mixture of phosphorolysis and hydrolysis occurs. There is no evidence for regulation of starch breakdown by metabolites (12) , but there have been reports of diurnal fluctuation in amylase activity (1 1, 23) . It has been suggested that starch degradation is continuous and that whether starch is being accumulated or depleted depends on the role of starch synthesis (12) . These observations on the fine control ofstarch metabolism suggest ways in which leaf starch metabolism may respond to changes in sink strength. However, regulation by variation in enzyme level during plant development has not been investigated.
In the work described here, we looked for variations in starch breakdown caused by changes in sink demand during plant growth. Phosphorylase and amylase activity were measured to determine whether variations could be related to centrifuged and the precipitate dissolved in 200 gl water and reprecipitated by addition of 2 ml 75% methanol containing 2% KCI. After standing for 10 min at 4°C, and centrifugation and removal of supernatant, the pellet was counted&in a scintillation counter using BBOT cocktail (2 g 2,5-bis[5'-tert-butyl-benzoxazolyl-(2')]thiophene, 40 g naphthalene, 200 ml 2-methoxyethanol, 300 ml toluene).
The amylase assay mixture contained 1 ml of 5% soluble starch solution in water and 1 ml of dialysate. The mixture was incubated at 42C and 0.5-ml aliquots taken at 0 and 2 h. The reducing activity of the aliquots was determined by the NelsonSomogyi method (4). Glucose standards were used.
Protein content was measured by the dye binding method (3) using a Bio-Rad protein assay kit, with BSA standards.
Carbohydrate Assays. Starch Assay. Freeze-dried material (approx. 20 mg) was extracted with 10 ml 80% ethanol at 80°C for 1 h, and then filtered. The residue was washed with hot ethanol. The filtrate and washing were combined and used for sugar analysis. Five ml of water was added to the residue and it was heated on a boiling water bath for 1 h. The boiled residue was diluted with water to 9 ml and 1 ml dialyzed Agidex (microbial amyloglucosidase; Glaxo Ltd.) in 100 mm acetate buffer (pH 4.5) added. The mixture was incubated at 35°C overnight and then filtered. Reducing sugar content of the filtrate was measured in a Technicon Auto Analyzer using the neocuproine method (2) .
Sugar Assay. The ethanol extracts were evaporated to dryness and 1 ml of dry pyridine added. Trimethylsilylation of sugars was accomplished by addition cf 0.2 ml hexamethyldisilazane and 0.1 ml trimethylchlorosilane. The mixture was shaken for 2 h before analysis by GLC on a 2.5-m column containing 2% OV17 on a silanized celite support. Glucose, fructose, and sucrose standards were used to identify the peaks; a ribose internal standard was used.
Photosynthesis Measurements. Photosynthesis and respiration were measured in one-fifth expanded leaves only using an IR CO2 analyzer in a conventional open gas-exchange system (6) .
On each sampling date, one plant was taken from the 'light' cabinet and one from the 'dark' cabinet, 4 h before the change over between light and dark. On each plant, a whole attached leaf was enclosed in a perspex leaf chamber in which the light, CO2 concentration, temperature, and humidity were controlled at the same levels as in the respective cabinets (see above). At the time when the light/dark, dark/light change over took place in the cabinets, the environments were changed in the leaf chambers and the CO2 exchange monitored for a further 4 h.
Results from the two plants were nearly identical at each sampling. The data from the two plants were pooled and mean rates calculated for CO2 uptake during the day and respiration at night.
RESULTS
Stages of Plant Growth. Three stages of plant development are indicated on the graphs: (1) two growing points, (2) first anthesis, and (3) first fruit development. The pepper plant grows monopodially to the 11th to 13th node, where the growth switches to be sympodial. At this node, the stem divides into two and the first flower bud develops in the axil. The time of 'two growing points' was designated shortly afterwards when a well- Figure 1 , a and b. In both one-fifth and two-thirds expanded leaves, the starch content was higher and more variable at the post-dusk harvest than post-dawn. Leaves at both stages of development exhibited a peak post-dusk starch level about 80 d from germination (Fig. 1, a and b) . The difference between the post-dawn and post-dusk levels at each sampling represents the diurnal accumulation or breakdown of starch (diurnal starch difference). This showed a similar pattern in both one-fifth and two-thirds expanded leaves. Diurnal starch difference rose from 13 Sugar Content. Leaf sugar content was more variable than that of starch. Glucose and fructose levels varied between 0.1 and 1.5 mg g' fresh wt with no obvious pattern except that higher levels were seen before first anthesis. Sucrose content varied between 0.6 and 2.8 mg g-' fresh wt (Fig. 2, a and b) . The post-dusk sucrose content was considerably higher than the post-dawn value between approximately 65 and 90 d after germination in both immature and two-thirds expanded leaves (Fig. 2, a and b) .
Enzyme Activity. In general, the post-dawn amylase activity was lower than post-dusk. There was a trend to increasing amylase activity throughout the period of the experiment (Fig.  3, a and b) .
The variation ofamylase activity with time was similar at both leafages. When amylase activity was compared on a fresh weight basis between immature and mature leaves for plants in each cabinet strong correlations were found, with similar slopes for linear regression between cabinets ofthe same experiment (Table  I) .
The post-dusk amylase activity showed a marked peak about 88 d from germination. Scatter plots of post-dusk amylase activity versus diurnal starch difference for two experiments are shown in Figure 4 , with regression lines, correlation coefficients and degree of significance of correlation. Highly significant positive correlations were seen, which were particularly marked in immature leaves (Fig. 4a) . Mature leaves showed a strong correla- The strong correlations between post-dusk amylase levels and rrelation was seen throughout the experiment (Fig. 4b) . diurnal starch difference in both immature and mature leaves t-dawn amylase activity was not significantly correlated indicate that amylase plays a major role in determining the rate rch difference.
of starch breakdown at night. Work with isolated chloroplasts phosphorylase activity in immature leaves decreased to has indicated that phosphorolysis is probably the most important ium at about the stage of initial fruit development (82 d) pathway in spinach (10, 22) , and that amylolytic deation is . Mature leaves showed fewer variations than immature very low in pea (21) . However, the fact that the final products of horylase activity, and activity slowly increased through starch breakdown are predominantly phosphorylated does not riment (Fig. Sb) . In contrast to amylase, phosphorylase exclude the possibility that the initial, controlling steps of the s were similar in post-dawn and post-dusk samplings.
process are catalyzed by amylase. synthesis. The photosynthetic CO2 fixation rate in imFurther evidence that amylase may be used to control starch eaves increased from 0.35 to 0.49 mg C02/m2 *s between breakdown is provided by the correlation between changes in and 95 (Fig. 6 ). The percentage of assimilated carbon amylase levels in leaves of different ages. This suggests that the enzyme is controlled on a whole plant basis, possibly by feedback from sinks altering metabolite levels, or by hormones. Amylase activity in pepper varies diurnally, being higher at night (Hammond and Burton, unpublished data). Spinach ( 11) and Kalanchoe (23) leaf amylases behave similarly. These variations may partly explain why the observed amylase and phosphorylase activities were not sufficiently high to account for the observed rates of starch breakdown. Amylase activity was considerably higher later in the dark period than when the post-dusk samples were taken.
The lack of a direct relationship between phosphorylase and starch breakdown suggests that this enzyme is less important in regulating starch breakdown at night. However, the amylase to phosphorylase ratio varies at different stages of growth, and this may allow the plant to vary starch breakdown to give phosphorylated or nonphosphorylated products to meet different demands.
